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Field ef thm Invention 

This invention relates to cleaning 
con$>ositions conprising at least one partially- 

10 fluorinated ether cowpound and to processes for 

removing contaminants from substrate surfaces using 
such conpositlons. In another aspect, this invention 
relates to certain novel partially-fluorinated ether 
conqpounds. In yet another aspect, this invention 

15 relates to coating compositions comprising at least o: 
partially-fluorinated ether compound and to processes 
for depositing coatings on substrate surfaces using 
such eenpesitions. 



20 Backoround of the Invention 

Solvent cleaning applications where 
contaminated articles are immersed in (or washed with) 
solvent liquids and/or vapors are well-lcnown. 
Applications involving one or more stages of immersion, 
25 rinsing, and/or drying are common. Solvents can be 
used at ambient teii«>erature (often, accompanied by 
ultrasonic agitation) or at elevated tenperatures up te 
the boiling point of the solvent. 

A major concern in solvent cleaning is the 
30 tendency (especially where solvent is used at an 

elevated teii5>erature) for solvent vapor loss from the 
cleaning system into the atmosphere. Although care is 
generally exercised to minimize such losses (e.g.. 
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thr ugh good equipment design and vapor recovery 
systems), most practical cleaning applications result 
in some loss of solv nt vapor into the atmosphere. 

solvent cleaning proc sses have traditionally 
5 utilized chlorinated solvents (e.g.» 

chlorofluoro carbons such as 1, 1, 2-trichloro-1^2r2- 
trifluoroethane and chlorocarbons sudl» as l#lfl- 
trichloroethane) alone or in admiKture with one or more 
cosolvents such as aliphatic alcohols or other low 

10 molecular weight, polar compounds. Such solvents were 
initially believed to be environmentally-benign^ but 
have now been linked to ozone depletion. According to 
the Montreal Protocol and its attendant amendments, 
production and use of the solvents must be discontinued 

15 (see, e,g,, P. S. Zurer, "Looming Ban on Production of 
CFCs, Halons Spurs Switch to Substitutes,'' Chemical & 
Engineering News, page 12, November 15, 1993) • 

Thus, there has developed a need in the art 
for substitutes or replacements for the commonly-used 

20 cleaning solvents. Such substitutes should have a low 
ozone depletion potential, should have boiling ranges 
suitable for a variety of solvent cleaning 
applications, and should have the ability to dissolve 
both hydrocarbon-based and fluorocarbon-based soils. 

25 Preferably, substitutes will also be low in toxicity, 
have no flash points (as measured by ASIM D327B-89) , 
have acceptable stability for use in cleaning 
applications, and have short atmospheric lifetimes and 
low global warming potentials. 

30 Partially-fluorinated ethers have been 

suggested as chlorofluorocarbon alternatives (see, 
e.g., Yamashita et al.. International Conference on CFC 
and BFC (Halons), Shanghai, China, August 7-10, 1994, 
pages 55-58) • 
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Europ an Patent Publication Ho. 0 450 eSS A2 
(lavtri 1 Chemical Industries PLC) describes the use of 
1 w mol cular weight, fluorine-c ntaining ethers of 
boiling point 20-12 0*C in solvent cleaning applicati ns. 
5 international Patent Publication Ho. 

W6 93/11280 (Allied-Signal, Inc.) discloses a non- 
aqueous cleaning process which utilises a .fluorocarbon- 
based rinsing solvent. 

U.S. Patent No. 6,275,669 {Van Der Puy et 
10 al.) describes hydrofluorocarbon solvents useful for 
dissolving contaminants or removing contaminants from 
the surface of a substrate. The solvents have 4 to 7 
carbon atoms and have a portion which is fluorocarbon, 
the remaining portion being hydrocarbon, 
15 U.S. Patent Ko. 3,453,333 (Litt et al.) 

discloses fluorinated ethers containing at least one 
halogen substituent other than fluorine and states that 
those ethers which are liquid can be used as solvents 
for high molecular weight resinous perhalogenated 
20 compounds such as solid polychlorotrifluoroethylene 
resins. 

French Patent Publication No. 2,287,432 
(Societe Nationale des Poudres et Explosifs) describes 
new partially-fluorinated ethers and a process for 

25 their preparation. The compounds are said to be useful 
as hypnotic and anesthetic agents; as monomers for 
preparing heat-stable, fire-resistant, or self- 
lubricant polymers; and in phyto-sanitary and phyto- 
pharmaceuticaX fields. 

30 German Patent Publication No. 1,294,949 

(Parbwer)ce Hoechst AG) describes a technique for the 
production of perfluoroallcyl-alkyl ethers, said to be 
useful as narcotics and as intermediates for the 
preparation of narcotics and polymers. 

35 
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In one aspect, this invention provides a 
pr cess for removing contaminants (e.g., hydrocarbons, 
fluorocarbons, or even wat r) fro» the surfac t a 
5 substrate (e.g., metal, glass, ceramic, plastic, or 
fabric) . The process, comprises contacting the 
substrate with (or exposing the substrate to) a liquid- 
and/or vapor-phase cleaning composition coi^prising at 
least one mono-, di-, or trialtoxy-substituted 
10 perfluoroallcane, perfluorocycloalkane, 

perfluorocydoalkyl-containing perfluoroalkane, or 
perfluorocydoalkylene-containing perfluoroalkane 
con«>ound. The coxwpound can optionally contain 
additional catenary (i.e., in-chain) heteroatoms (e.g., 
15 oxygen or nitrogen) and preferalsly has a boiling point 
m the range of from about 25'C to about 200»c. 

The alkoxysubstituted coB«>ounds used in the 
process of the invention exhibit unexpectedly high 
stabilities in the presence of acids, bases, and 
20 oxidizing agents. In addition, in spite of their 

fluorine content, the compounds are surprisingly good 
solvents for hydrocarbons (as well as fluorocarbons) . 
The compounds are low in toxicity and flammability, 
have ozone depletion potentials of zero, and have Ishort 
25 atmospheric lifetimes and low global warming potentials 
relative to chlorofluorocarbons and many 
chlorofluorocarbon substitutes. Since the compounds 
exhibit good solvency properties while being 
environmentally acceptable, they satisfy the need in 
30 the art for substitutes or replacements for the 

commonly-used cleaning solvents which have been linked 
to the destruction of the earth's ozone layer. 

In other aspects, this invention also 
provides certain novel mono-, di-, and trialkoxy- 
35 substituted perfluorocompounds; a cleaning composition; 
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a coating composition; and a process for depositing 
coatings (e.g.# coatings of lubricant) on sxibstrate 
surfaces. 

5 Detailed Deflcription of the Invention 

Compounds which can be utilized in the 
processes of the invention are mono-/ dl-r or 
trialkoxy- substituted perfluoroalkaner 
perfluorocycloalkane^ perfluorocycloalJcyl^containing 

10 perfluoroalkane, and perfluorocycloalkylene-contalning 
perflttoroalkane compounds. The compounds include those 
which contain additional catenary heteroatoms (as well 
as those which do not) and can be utilized alone, in 
combination with one another/ or in combination with 

15 other common cleaning solvents (e.g./ alcohols/ etherS/ 
alkanes/ alkenes/ perfluorocarbons, perfluorinated 
tertiary amines, perfluoroethers/ cycloalkanes, esters/ 
ketones/ aromatlcSf siloxanes, hydrochlorocarbons , 
hydrochlorofluorocarbons/ and hydrofluorocarbons) . The 

20 compoxmds can be solids or liquids under ambient 
. conditions of temperature and pressure, but are , 
generally utilized for cleaning in either the liquid or 
the vapor state (or both). Thus, normally solid 
compounds can be utilized after tranformation to liquid 

25 and/or vapor through melting/ sublimation/ or 
dissolution in liquid co-solvent. 

A class of useful alkoxy-substltuted 
perfluorocompounds is that which can be represented by 
the following general formula (I) : 

30 

Rf-(0-R.,), (I) 
wherein x Is an integer of 1 to 3; when x Is 1/ Rt is 
selected from tha group consisting of linear or 
branched perf luoroalkyl groups having fr«a 2 to about 
35 15 carbon atoms/ perfluorocycloalkyl-containing 
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perfluoroalkyl groups having from 5 to about 15 carb n 
atoms f and perf luorocycloalkyl groups having from 3 to 
about 12 carbon atoms; when x is 2, R< is selected from 
the group consisting of linear or branched 
S perfluoroalkenediyl groups or perf luoroalleylidens 
groups having from 2 to about 15 carbon atoms , 
perfluorocycloalkyl- or perfluorocycloalkylene- 
containlng perfluoroalkanediyl or perfluoroalkylidene 
groups having from 6 to about 15 carbon atoms, and 
xo perfluorocycloalkanediyl groups or 

perf luorocycloalkylidene groups having from 3 to about 
12 carbon atoms; when x is 3, Rf i^ selected from the 
group consisting of linear or branched 
perfluoroalkanetriyl groups having from 2 to about 15 
15 carbon atoms^ perfluorocycloalkyl- or 

perfluorocycloalkylene-containing perfluoroalkanetriyl 
groups having from 6 to about 15 carbon atoms# and 
perfluorocycloalkanetriyl groups having from 3 to about 
12 carbon atoms; each Rh is independently selected from 
20 the group consisting of linear or branched alkyl groups 
having from 1 to about 8 carbon atoms r cycloalkyl- 
containing alkyl groups having from 4 to about 8 carbon 
atoms f and cycloalkyl groups having from 3 to about 8 
carbon atoms; wherein either or both of the groups Re 
2S and Rh can contain (optionally contain) one or more 

catenary heteroatoms; and wherein the sum of the number 
of carbon atoms in Rf and the number of carbon atoms in 
Rh is greater than or equal to 4. The 
perfluorocycloalkyl and perfluorocycloalkylene groups 
30 contained within the perfluoroalkyl, 

perfluoroalkanediyl I perf luoroalkylidene and 
perfluoroalkanetriyl groups can optionally (and 
independently) be substituted with^ e,g., one or more 
perfluoroalkyl groups having from 1 to about 4 carbon 
35 atoms. 
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Preferably, x is 1; Rt is as defin d above? Rn 
is an alkyl group having from I to about 6 carbon 
atoms; R< but not Rh can contain one or aore catenary 
heteroatoms; and the sum of th number of carbon atoms 
5 in R« and the number of carbon atoms in Ri, is greater 
than or equal to 4. Most preferably, X is 1; R< is 
selected from the group consisting of linear or 
branched perfluoroalkyl groups having from 3 to about 6 
carbon atoms ^ perfluorocydoalkyl-containing 
10 perfluoroalkyl or perfluoroalkylidene groups having 

from 5 to about 8 carbon atoms, and perfluorocycloalkyl 
groups having from 5 to about 6 carbon atoms; R^ is an 
alkyl group having from l to about 3 carbon atoms; Rt 
but not Rh can contain one or more catenary heteroatoms; 
15 and the sum of the number of carbon atoms in Ri and the 
nuaiber of carbon atoms in R* is greater than or equal 
to 4. The perfluorocycloalkyl and 
perfluorocydoalkylene groups contained within the 
perfluoroalkyl, perfluoroalkanediyl, 
20 perfluoroalkylidene and perfluoroalkanetriyl groups can 
optionally (and independently) be. substituted with, 
e.g., one or more perfluoromethyl groups. These 
compounds are preferred due to their ease of 
preparation and their performance characteristics. 
25 Representative examples of alkoxy-substituted 

perfluorocompounds suitable for use in the processes of 
the invention include the following coapounds: 

(Vy<:e^OCB, ^T^-CFaOC;^ ^7^(CF:),0C^ 




CFW F )-CF,OCa 
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(CF2)jOCI% 



n— C4F9OCII) 



PCT/DS9MNaX 
n— C4F90C3Rs 



C4F90C3Hr 



CFsgCFjOCBi 



CFjCFCF^OCaHs 



0-- 



CtFtTOCHs 



CSbO(CF2)40C% 



C5FUOC2HS 



CsF|,OC3H7 



CaFTOOfe 



<2C 



CF90C2F40C2HS C3F70gCFaOC% 



(CF3)2CFOCI|} 



(CF)]||C-OC% C4F^jF<0CFjCF,0CA C4F90(CFjhOCHb 



(C3F,)^CF2CF20C^, (CjFjJiNCaFftOCIfe 



(CFs^jOCiHs 



QFyOCHCO^ 



CFsCFCFaOCiHs 
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and l,l-di»ethoxyperfluorocycloheXQne, where cyclic 
structur 5 having an interior "P" are 

A novel subclass of the alkoxy-substitut d 
perfluorocompounds is that which can be represent d by 
S the following general formula (II): 

R«*-N (Rt*) -CyFiy-O-Rh (ID • 

wherein R«* and R,» are both substituted or unsubatituted 
10 pertluoroalkyl groups having froa 1 to about 6 carbon 
atcuas or are both substituted or unsubstituted 
perfluoroalkylene groups having from 2 to about 4 
carbon at«BS, the perfluoroalkylene groups being bonded 
to one another to form a ring; y is an integer of I to 
15 about 8; CyFjy can be linear or branched? and Rn is 
selected from the group consisting of linear or 
branched alkyl groups having from 1 to about 8 carbon 
atoms, cydoalkyl-containing alkyl groups having from 4 
to about 8 carbon atoms/ and cycloalkyl groups having 
20 from 3 to about 8 carbon atoms; wherein the groups R«\ 
RtS and Rft can optionally (and independently) contain 
one or more catenary heteroat«ns. 

Preferably/ the p«rfluoroalkyl groups have 
from 1 to about 3 carbon atoms, the perfluoroalkylene 
25 groups have from 2 to about 3 carbon atoms; y is an 
integer of 1 to about 3; Rn is selected from the group 
consisting of linear or branched alkyl groups having 
from 1 to about 6 carbon atoms; and Rt' and R«* but not 
Rh can independently contain one or more catenary 
20 heteroatona. These coa^jounds are preferred due to 
their ease of preparation and their performance 
characteristics . 

Representative exanqples of novel compounds 
according to Formula II above include the following 
35 coB^unds: 
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O^T\(CF3)riOCH3 



of7\i< 



f(CFa)riOC2Hs 



^T^(CFa)rf)CHj 

^2^(CFj)iPCHb 
^^(CF2)nPC2Hs J 



aFi-4 



n»i-4 



(CF3)2N(CFj),OCH, 

(CFj)jN(CF3)20C3Hs 

(CjFjWKCFjCFjOCHj 

C^FsYCFjCFaCFjOCjHs 
CF, 

(CsFt^sNCFjCF^QFjOCHs 

(C3F7)^CF3CP3CF20CA 

(C3F7)^CF:CFaCFaOC3HT 

O^T^^CFrflFaOCH, 



(C^9l»NCqF2bOC4«» 
(C4F»)2N(CF:),OCH, 

(CjFs),N(CFa)sOCHj 



l(CF;)sOCiHs 



(CFa)iOCH) 




cr7^(pF2>)0(CH,liOCI% 
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A second novel subclass of the alkoxy*- 
substltuted perf lucrocoznpounds Is that which can be 
represented by the following general formula (III): 

5 Rf^CFaORh),. (Ill) 

wherein Rf^ is a substituted or uns\ibstituted 
perfluorocycloalkyl, perf luorocycloalkanediylr or 
perflttorocycloallcanetriyl group having from 3 to about 

10 12 carbon atoBs; each Rh is independently selected from 
the group consisting of linear or branched alkyl groups 
having from 1 to about 8 carbon atomsi cycloalkyl- 
containing alkyl groups having from 4 to about 8 carbon 
atoms # and cycloalkyl groups having from 3 to about 8 

15 carbon atoms; and is an integer of 1 to 3; wherein 
either or both of the groups Rf' and Rn can contain 
(optionally contain) one or more catenary heteroatoms. 

' Preferably, Rf^ has from 5 to about 6 carbon 
atoms; each Rh is independently selected from the group 

20 consisting of linear or branched alkyl groups having 
from 1 to about 6 carbon atoms; x* is an Integer of 1 
or 2; and Kf^ but not Rh can contain one or more 
catenary heteroatoms. These compoxmds are preferred 
due to their ease of preparation and their performance 

25 characteristics • 

Representative examples of novel compounds 
according to Formula III above include the following 
confounds : 
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CFs--(fV-CF:OCI% CFi— / F V- CFjOCA 




CHjOCFi— ( F V- CFjOOHb CaPs— ( F V-CFjOCIfe 




CH5OF2C7— -V 

^fV-cfj — 



{ F V- CFjOCHj 



^ F V-CFjOCaHa JULJ 



^^^^^^^^CFjOCHb <^7V-CFjOCaR, 




yCFaOCl^ 

0 



The alJcoxy-substituted perfluoroconipbunds 
suitable for use in the process of the invention can be 
prepared by alJcylation of perfluorinated alkoxides 
prepared by the reaction of the corresponding 
10 perfluorinated acyl fluoride or perfluorinated ketone 
with an anhydrous alkali metal fluoride le.g»» 
potassium fluoride or cesium fluoride) or anhydrous 
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silver fluoride In an anhydrous polar* aprotic solvent. 
(See, e.g., the preparative methods described in French 
Patent Publication No. 2,28-7,432 and German Patent 
Publication NO. 1,294,949, supra.) Alternativ ly, a 
■ 5 f luorinated tertiary alcohol can be allowed to react 
with a base, e.g., potassium hydroxide or sodium 
hydride, to produce a perfluorinated tertiary alkoxide 
which can then be alkylated by reaction with alkylating 
agent. 

10 Suitable alkylating agents for use in the 

preparation include dialkyl sulfates (e.g., dimethyl 
sulfate), alkyl halides (e.g., methyl iodide), alkyl 
p-toluenesulfonates (e.g., methyl p-tolue»esulf onate) , 
alkyl perfluoroalkanesulfonates (e.g., methyl 
15 perfluoromethanesulf onate) , and the like. Suitable 

polar, aprotic solvents include acyclic ethers such as 
diethyl ether, ethylene glycol dimethyl ether, and 
diethylene, glycol dimethyl ether; carboxylic acid 
esters such as methyl formate, ethyl formate, methyl 
20 acetate, diethyl carbonate, propylene carbonate, and 
ethylene carbonate; alkyl nltriles such as 
acetonitrile; alkyl amides such as 
N,N-dl»ethylformamide, K,N-diethylformamide, and 
M-methylpyrrolidone; alkyl sulfoxides such as dimethyl 
25 sulfoxide; alkyl sulfones such as dimethylsulfone, 
tetramethylene sulfone, and other sulfolanes; 
oxazolidones such as N-methyl-2-oxazolidone; and 

mixtures thereof. 

Perfluorinated acyl fluorides (for use in 

30 preparing the alkoxy-substituted perfluorocoapounds) 
can be prepared by electrochemical fluorination (ECF) 
of the corresponding hydrocarbon carboxylic acid (or a 
derivative thereof), using either anhydrous hydrogen 
fluoride (Simons ECF) or KF.2Hr (Phillips ECF) as the 

35 electrolyte. Perfluorinated acyl fluorides and 
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perfluorinated keton«s can also be prepar d by , 
dissociation of perfluorinat d carboxylic acid esters 
(which can be prepared txom the corresponding 
hydrocarbon or partially-fluorinated carboxylic acid 
5 esters by direct fluorination with fluorine gas) . 
Dissociation can be achieved by contacting the 
perfluorinated ester with a source of fluoride ion 
under reacting conditions (see the method described in 
U.S. Patent No. 3,900,372 (Childs)) or by coabinlng the 
10 ester with at least one initiating reagent selected 
from the group consisting of gaseoxis, non-bydroxylie 
nudeophiles; liquid, non-hydroxylic nudeophlles; and 
mixtures of at least one non-hydroxylic nucleophlle 
(gaseous, liquid, or solid) and at least one solvent 
15 which is inert to aeylating agents. 

Initiating reagents which can be employed in 
the dissociation are those gaseous or liquid, non- 
hydroxylic nudeophiles and mixtures of gaseous, 
liquid, or solid, non-hydroxylic nucleophile(s) and 
20 solvent (hereinafter termed "solvent mixtures") which 
are capable of nudeophilic reaction with 
perfluorinated esters. The presence of small aaounts 
of hydroxylic nudeophiles can be tolerated. Suitable 
gaseous or liquid, non-hydroxylic nudeophiles include 
25 dialkylamines, triallcylamines, carboxamldes, alkyl 

sulfoxides, amine oxides, oxazolidones, pyridines, and 
the like, and mixtures thereof. Suitable non- 
hydroxylic nudeophiles for use in solvent mixtures 
include such gaseous or liquid, non-hydroxylic 
30 nudeophiles, as well as solid, non-hydroxyli-c 

nudeophiles, e.g., fluoride, cyanide, cyanate, iodide, 
chloride, bromide, acetate, roercaptide, alkoxide, 
thiocyanate, azide, trimethylsllyl dlfluoride, 
bisulfite, and bi fluoride anions, which can be utilised 
35 in the form of alkali metal, ammonium, alkyl- 

-14- 
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substltut d anaaoniuitt {ausno-, di-, trl-/ or tetra- 
substituted) , r quaternary pb sphonium salts, aad 
mixtures there £. Such salts are in general 
commercially available but, if d sired, can be prepared 
S by knovn methods, e.g., those described by H. C. Sneed 
and R. C. Brasted in Comprehensi ve Inorganic Chemistry, 
Volume Six (The Alkali Metals) , pages 61-64, D. Van 
Nostrand Company, Inc., New York (1957), and by H. 
Kobler et al. in Justus Liebigs Ann. Chen. 191%, 1937. 
10 l,4-dia2ablcyclot2.2.2Joctane and the like are also 
suitable solid nudeophlles. 

The cleaning process of the invention can be 
carried out by contacting a contaminated substrate with 
a cleaning composition comprising at least one of the 
IB above-described alkoxy- substituted perfluorocompounds. 
The perfluorocompounds can be utilised alone or in 
admixture with each other or with other commonly-used 
cleaning solvents, e.g., alcohols, ethers, alkanes, 
alkenes, perfluorocarbons, perfluorinated tertiary 
20 amines, perfluoroethers, cycloalkanes, esters, ketones, 
aromatics, siloxanes, hydrochlorocarbons, 
hydrochlorofluorocarbons, and hydrofluorocarbons . 
such co-solvents can be chosen to modify or enhance the 
solvency properties of a cleaning composition for a 
25 particular use and can be utilized in ratios (of co- 
solvent to per£luoroconpound(s) ) such that the 
resulting composition has no flash point. Preferably, 
the perfluorocoB*ound(s) used in the composition have 
boiling points in the range of from about 25'C to about 
30 200*C, more preferably from about 2S*C to about 125»C. 

The cleaning composition can be used in 
either the gaseous or the liquid state (or both), and 
any of the knovn techniques for •contacting" a 
substrate can be utilized. For example, a liquid 
35 cleaning coa^osition can be sprayed or brushed onto the 
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substrate, a gaseous cleaning compositi n can be blown 
across the substrat , or the substrate can be immersed 
in either a gaseous or a liquid comp sition. Elevated 
temp ratures, ultrasonic energy, and/or agitation can 
5 be used to facilitate the cleaning. Various different 
solvent cleaning techniques are described by B. N. 
Ellis in Cleaning and r^T><.:.mination of Electronics 
fv.,nn»n^t:s and Asseinblies , Electrochemical Publications 
Limited, Ayr, Scotland, pages 182-94 (1986). 

Both organic Bn4 inorganic substrates can be 
cleaned by the process of the invention. 
Representative examples of the substrates include 
metals; ceramics; glass; polycarbonate; polystyrene; 
acrylonitrile-butadiene-styrene copolymer; natural 
fibers (and fabrics derived therefrom) such as cotton, 
sil)c, fur, suede, leather, linen, and wool; synthetic 
fibers . (and fabrics) such as polyester, rayon, 
acrylics, nylon, and blends thereof; fabrics comprising 
a blend of natural and synthetic fibers; and composites 
of the foregoing materials. The process is especially 
useful in the precision cleaning of electronic 
components (e.g., circuit boards), optical or magnetic 
media, and medical devices. 

The cleaning process of the invention can be 
used to dissolve or remove most contaminants from the 
surface of a substrate. For example, materials such as 
light hydrocarbon contaminants; higher molecular weight 
hydrocarbon contaminants such as mineral oils and 
greases; fluorocarbon contaminants such as 
30 perfluoropolyethers, bromotriflucroethylene oligomers 
(gyroscope fluids) , and chlorotrlfluoroethylene 
oligomers (hydraulic fluids, lubricants) ; silicone oils 
and greases; solder fluxes; particulates; and other 
contaminants encountered in precision, electronic, 
35 metal, and medical device cleaning can be removed. 
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Tb process Is psrtieularly useful for the removal f 
hydrocarbon contaminants {especially, light hydrocarbon 
oils), fluorocarbon c ntaminants, particulates, and 
water (as described in the next paragraph) . 
5 To displace or remove water from substrate 

surfaces, the cleaning process of the invention can be 
carried out as described in U.S. Patent No* 5,125,978 
(Flynn et al.) by contacting the surface of «n article 
with a liquid cleaning composition which preferably 
10 contains a non-ionic fluoroaliphatlc surface active 
agent. The wet article is immersed in the liquid 
composition and agitated therein, the displaced water 
is separated from the liquid conaposltion, and the 
resulting water-free article is removed from the liquid 
15 con^osition. Further description of the process and 
the articles which can be treated are found in said 
U.S. Patent- Mo, 5, 125, 9*78. The process can also be 
carried out as described in U.S. Patent No. 3,903,012 
(Brandreth) . 

20 . This invention also provides a cleaning 

composition comprising (a) a major amount (preferably, 
at least about 60 percent of the composition by weight) 
of. at least one mono-, di-, or trialkoxy- substituted 
perf luoroalkane , per f luorocycloalkane, 
25 perflttorocycloalleyl-containing perfluoroalltane, or 
perfluorocydoalJcylene-containing perfluoroalJcane 
can^omd, the compound optionally containing additional 
catenary heteroatoms; and (b) a minor amount of at 
least one co-solvent selected from the group consisting 

30 of alcohols, ethers, allcanes, alkenes/ 

perfluorocarbons, perfluorinated tertiary amines, 
perfluoroethers, cycloalkanes, esters, )cetones, 
aromatlcs, siloxanes, hydrochlorocar)»ons, 
hydrochlorofluorocarbons, and hydrofluorocarbons. 

35 Preferably, the co-solvent is selected from the group 
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consisting of alcoh Is, alkanes, alk nes, cycl alkanes, 
esters, aroaatics, hydrochlorocarbons, and 
hydrof luorocarbons . 

Representative examples of co-solvents which 

5 can be used in tha cleaning composition include 

laethanol, etbanol, isopropanol, t-butyl alcohol, methyl 
t-butyl ether, methyl t-amyl ether, 1,2- 
dinethoxyethane, cyclohexane, 2,2,4-trimethylpentane, 
n-decane, terpenes (e.g., a-pinene, camphene, and 
10 limonene), trans-l,2-dichloroethylene/ 

methylcyclopentane, decalin, methyl decanoate, t-butyl 
acetate, ethyl acetate, diethyl phthalate, 2-butanone, 
methyl isobutyl ketone, naphthalene, toluene, p- 
chlorobenzotrifluoride, trifluoro toluene, hexamethyl 

15 disiloxane, octamethyl trisiloxane, perfluorohexane, 
perfluoroheptane, perfluorooctane, 

perfluorotributylamine, perf luoro-N-methyl morpholine, 
perfluoro-2-butyl oxacyclopentane, methylene chloride, 
chlorocyclohexane, 1-chlorobutane, 1, l-dichloro-1- 
20 fluoroethane, l,l,l-trifluoro-2,2-dichloroethane, 

1. 1. 1. 2. 2- penta£luoro-3, 3-dichloropropane, 

1.1.2.2. 3- pentafluoro-l, 3-dichloropropane, 2, 3- 
dihydroperfluoropentane, 1, 1, 1, 2r 2, 4-hexaf luorobutane, 
1-trifluoromethyl-l, 2, 2-trif luorocyclobutane, 3-methyl- 

25 1,1,2,2-tetrafluorocyclobutane, and Jr 
hydropentadecafluoroheptane . 

The above-described alkoxy-substituted 
perfluorocompounds can be usaful not only in cleaning 
but also in coating deposition, where the 

30 perfluorocompound functions as a carrier for a coating 
material to enable deposition of the material on the 
surface of a substrate. Th© invention thus also 
provides a coating composition and a process for 
depositing a coating on a substrate surface using the 

35 composition. The process comprises the step of 
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applying t at laaat a portion of at least ona surface 
of a substrate a coating of a liquid coating 
composition coxnprising (a) a solvent composition 
coit^rising at 1 ast one inono-# di-# r trialkoXST 
5 substituted perfluoraalkana# parfluorocycloalkane/ 
perfluorocycloalkyl-containing perf luoroalkane, or 
perfluorocydoalkylene-containing perfluoroalkane 
coxDpound/ the compound optionally containing additional 
catenary heteroatoms; and (b) at least one coating 
10 material which is soluble or dispersible in the solvent 
conaposition. The solvent composition can further 
comprise one or more co-dispersants or co-solvents (as 
defined supra i> preferably those having boiling points 
below about 125*c) and/or one or more additives (e.g./ 
15 surfactantSr coloring agents, stabilizers, anti- 
oxidants, flame retardants, and the like) . Preferably, 
the process further coaqprises the step of removing the 
solvent composition from the coating by, e*g*, allowing 
evaporation (which can be aided by the application ot, 
20 e.g., heat or vacuum). 

Coating materials which can be deposited by 
the process include pigments, lubricants, stabilizers, 
adhesivesii anti-oxidants, dyes, polymers, 
pharmaceuticals, release agents, inorganic oxides, and 
25 the like, and combinations thereof. Preferred 

materials include perfluoropolyether, hydrocarbon, and 
silicone lubricants; amorphous copolymers of 
tetrafluoroethylene; polytetrafluoroethylene; and 
combinations thereof • Representative examples of 
30 materials suitable for use in the process include 
titanium dioxide, iron oxides, 'magnesium oxide, 
perfluoropolyethers, polysiloxanes, stearic acid, 
acrylic adhesives, polytetrafluoroethylene, amorphous 
copolymers of tetrafluoroethylene, and combinations 
35 thereof, Any of the substrates described above (for 
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cleaning applications) can be coat d via the process of 
the invention. The process can be particularly. useful 
for coating magnetic hard disks r electrical 
conn ct rs with perfluoropolyeth r lubricants or 
S medical devices with silicone lubricants. 

To form a coating coaposition, the co^onents 
of the coaposition (i.e., the alkoxy- substituted 
perfloorocoapound(8)# the coating nateriaKs)^ and any 
co-dispersant(s) or co-solvent (s) utilized) can be 
10 combined by any conventional mixing technique used for 
dissolving, dispersing, or emulsifying coating 
materials, e.g., by mechanical agitation, ultrasonic 
agitation, manual agitation, and the like. The solvent 
composition and the coating material (s> can be combined 
IS in any ratio depending upon the desired thickness of 
the coating, but the coating material (s) preferably 
constitute from about 0.1 to about 10 weight percent of 
the coating composition for most coating applications. 

The deposition process of the invention can 
20 be carried out by applying the coating composition to a 
substrate by any conventional techni<iUB. For example, 
the composition can be brushed or sprayed (e.g., as an 
aerosol) onto the substrate, or the substrate can be 
spin-coated. Preferably, the substrate is coated by 
25 immersion in the composition. Immersion can be carried 
out at any suitable temperature and can be maintained 
for any convenient length of time, if the substrate is 
a tubing, such as a catheter, and it is desired to 
ensure that the composition coats the lumen wall, it 
30 may be advantageous to draw the con?»osition into the 
lumen by the application of reduced pressure. 

After a coating is applied to a substrate, 
the solvent conqposltion can be removed from the coating 
by evaporation. If desired, the rate of evaporation 
35 can be accelerated by application of reduced pressure 
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or mild heat. The coating can be f any convenient 
thickness, and, in practice, th thickness will be 
determined by such factors as th viscosity of the 
coating material r the temperature at which th coating 
5 Is applied, and the rate of withdrawal (if immersion is 
utilized) . 

Objects and advantages of this invention are 
further illustrated by the following exanqpleSr but the 
particular materials and amounts thereof recited in 
10 these exazoples, as well as other conditions and 

details, should not be construed to unduly limit this 
♦ invention. 

Examples 

15 The environmental inqpact of the alkoxy- 

substituted per fluoro compounds used In the processes 
and compositions of the invention was assessed by 
determination of the atmospheric lifetime and the 
global warming potential (GWP) of certain compoimds, as 

20 described below: 

Atmospheric Lifetime 

The atmospheric lifetime {t.«,.a«) of various sample 
compounds was calculated by the technique described in 

25 Y. Tang/ Atmospheric Fate of Various Fluorocarbons ^ 
M.S. Thesis, Massachusetts Institute of Technology 
(1993) . According to this technique, an ultraviolet 
(07) gas cell was charged with a sample cospound, a 
reference compound (either CR4 or CH3CI) , ozone, and 

30 water vapor. Hydroxyl radicals were then generated by 
photolytlc decomposition of the 02one in the presence 
of the water vapor and an inert buffer gasi i.e., 
helium. As the sample compounds and reference 
compounds reacted with the hydroxyl radicals in the gas 

35 Phaser their concentrations were measured by Fourier 
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transform infrared spectrosc py (FTIR) . The rate 
constant for reaction o£ the sample c npound (1e«Mwi«) 
with hydroxyl radical was measured relative to the rate 
constant for a reference compound (kn<)r and th 
9 atmospheric lifetime was then calculated using the 

following formula (where tow and kcm are Imown ▼alues) : 




10 



The rate constant for each sainple compound was measured 
(using CH« as the reference compound and again using 
15 CHjCl) at 298K, and the atmospheric lifetime values were 
calculated and then averaged. The results are shown in 
Table .A under the heading "Atmospheric Lifetime." For 
conparative purposes, the atmospheric lifetime for 
several hydro fluorocarbons Is also shown In Table A. 
20 Atmospheric lifetime was also estimated from 

a correlation developed between the highest occupied 
molecular orbital (HOMO) energy and the )cnown 
atmospheric lifetimes of hydrofluorocarbons and 
hydrofluorocarbon ethers, in a manner similar to that 
2S described by Cooper et al. in Atmos. Environ. 26A, 1, 
1331 (1992). The correlation differed from that found 
in Cooper et al. in the following respects: the 
correlation was developed using a larger data set; 
lifetimes for the correlations were determined by 
30 relative hydroxyl reactivity of the sample to CHaCCls at 
277K, as described by Zhang et al. in J. Phys. Chem. 
98(16), 4312 (1994); HOMO energy was calculated using 
M0PAC/SM3, a semi-emplrlcal molecular orbital paclcage; 
and the number of hydrogen atoms present In the sawple 
35 was included In the correlation. The results are 

•22* 
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reported in Table A under the heading -Estimated 
AtXBOSphdric Lifetim 

ffiiotaal Wag iiftff PetantiaX 

S Global warming potential (GMP) was determined 

for the various sample compounds using the above- 
described calculated values for atmospheric lifetime 
and experimentally determined infrared absorbance data 
, integrated over tha spectral region o£ interest, 

10 typically SOO co 2500 cm"'. The calculations were 
based on the definition of GWP set forth by the 
Intergovernmental Panel in Climate Change in climate 
chanoe; The IFCC Scie ntific Assessment, Cambridge 
. University Press (1990) . According to the Panel, GWP 

15 is the integrated potential warming due to the release 
of 1 kilogram of sample con^und relative to the 
warming due to 1 kilogram of C0» over a specified 
integration time horizon (ITH) using the following 
equation: 



20 
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where AT is the calculated change in temperature at the 
earth's surface due to the presence of a particular 
compound in the atmosphere [calculated using a 
spreadsheet model (using parameters described by Fisher 
et al. in Nature 341, 513 (1990)) derived from 
Atmospheric and Envtronnenral Research, Inc.'a more 
complete one-dimensional radiative-convective model 
(described by Mang et al. in J« Atmos. Sci. 38, 1167 
(1981) and J. Geophys, Res. 90, 12971 (1985)1, C is the 
atmospheric concentration of the compound, t is the • 



23.HOV.20Q0 16:35 



50LVRY MOH DGR *f 32 Z 2642955 



WO 96^2354 



PCTAJSM003K 



atxoospberic lifetime o£ tha compoxind (rh calculated 
valua d scribed above) , and x designee s the compoixnd 
of interest. Upon integration, the formula is as 
follows: 

where A: = 0.30036, A: » 0.34278, A3 - 0.35686, \^ « 
6.993, xa - 71.10B, and t, = 815.73 in the Siegenthaler 
{1983) coupled ocean-atmosphere CO. model. The results 
of the calculations are shown in Table A below. 



Table A . 





Estimated 
Atmospheric 
Lifetime 
(years) 


Atmospheric 
Lifetime 
(ve&rs) 


Global 
Waxming 
Potential 
(100 year 
ITH) 


CFj-CHa 


62.2 






CF3-O-CH3 


1.6 






CjF.-CHa 


12.6 






CjFj-O-CHs 


1.6 


1 


CsFt-CHs 


9.6 






CF-r-O-CHj 


1.9 






C^Fa-CH, 


7.0 






C«F»-0-CH> 


1.9 


5.5 


330 


C4F»-CiHs 


2.0 






C«F>-0-CjHi 


0.5 


1.2 


70 


C^FttOCIU 


4.3 






CF,CriOCH,lCFlCF,); 


«-5 






C»Ft,OCsHs 


-1 






c-C*Fi:-CH, 


13.^ " 






C-C«Fi:-0-CHj 


1.8 




170 


1 C3F>CF(OC'K3)CF(CFj): 


4-S 




1 1000 


1 CFjCFHCFHCFiCFj 


23* 








-24- 




•••• * 



10 



.NOV.20B0— 16S3 5 ■ ■ S OLVBY NOH DCR +32 2 2642*^ r f avO^t f.diU^f 



♦ A. schmoltner et al.r 3. Phys» Cbem. 92# 8976 • 
(1993) 

As can be sean in Table \, each of the various 

5 alkoxy-STibstituted perfiuorocompounds unexpectedly has 
a lover atmospheric lifetime than the corresponding 
hydrofluorocarbon. i.e*, the hydro fluorocarbon having 
the same carbon nxmber. The alkoxy substituted 
perf luorocoznpounds are thus more environmentally 

10 acceptable than the hydrofluorocarbons (which have 
previously been proposed as chlorof luorocarbon 
replacements) . 

The chemical stability of the allcoxy-substltu^ed 
perf luorocompounds used in the processes and 

15 compositions of the invention was also evaluated to 
determine their suitability for use in cleaning and 
coating applications. In these tests, a compound was 
contacted with a chemical agent such as aqueous sodium 
acetate* aqueous KOH, concentrated sulfuric acidf or 

20 potassium permanganate in acetone to determine the 

stability of the compound to base, acid, or oxidant, as 
described below: 

stability in the Presonee of Base 

25 To assess hydrolytic stability, a ten gram 

sample of alkoxy- substituted perfluorocompound was 
combined with 10 g of O.IM NaOAc and sealed in a 
2-54 cm (internal diameter) by 9. 84 cm Monel'^ 400 
alley (66^ nickel, 31. 5^ copper, and 1.2\ iron and 

30 several minor components) tube (available from Paar 
Instrument Co, of Moline, Illinois as Part Number 
<->13cm) . The tube was heated at 110*C in a forced air 
convection oven for 16 hours. After cooling to room 
temperature, a 1 mL sample of the tube contenrs was 

35 diluted with 1 mL of total ionic strength adjustment* 
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buffer (TISAB, available from Orion Researchr InCw a- 
mixture of 1,2-cyclohexylene dinitrilocerraacecic acid, 
deionised water, sodima acetate, sodii» chloride # and 
acetic acid) . The concentration of fluoride ion 

5 (resulting from any reaction of the perf luorocompound 
with the aqueous MaQAc) was measured using an Orion 
Model 720A Coulombmeter with a r specific electrode 
which had been previously calibrated using 0.5 and 
500 ppm r solutions. Based on the measured fluoride 

10 ion concentration, the race at which KF had been 
generated by reaction of the aqueous NaOAc with the 
perfluorccompound was calculated-. The results are 
shown beiow in Table 3 and indicate char the alkoxy- 
substituted perf luorocompounds are much more stable to 

IS base than is the comparative compound- 
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Table B 







c-C*Fj,OCHj 1 


CF-.CrriCFHCfrCFs. 


KF 


0.67 


0.22 


0.33 


42.9 


Generation 
Rate 
(ucf/g/hr) 











TO assess hydrolytic stability under more 
20 severely basic conditions, C^F^OCE? (125 g o£ 99,8% 

purity, O.S molel was combined with potassium hydroxide 
(29.4 g, 0.45 mole, dissolved in 2S.1 g water) in a 
250 mL flask equipped with an overhead stirrer, a 
condenser, and a thermometer, and the resulting 
25 solution was retluxed at Se'C for i9 hours", water 

{50 »L) was added to the solution after re fluxing, and 
the resulting product was distilled. The lower 
fluorochemical phase of the resulting distillate was 
separated from the upper phase ana was washed with 
30 water (100 nL) to yield 121.3 g of recovered c<FaOCHj, 
which was identical m purity and composition to th 
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Starting material (as shown by gas chromatography) • 
Th aqueous base s lution remaining in the reaction 
flask was titrated with standard 1.0 M HCl to rev al 
that non o£ the KOH originally charged had be n 
5 consumed/ indicating that the perfluorocompound was 
stable in the presence of the base. 

stability in the Preaenee of Acid 

To assess hydrolytic stability under acidic 
10 conditions, * C4F90CH3 (15 g, 0«06 mole) was combined with 
sulfuric acid (10 g of 96% by weight, 0.097 mole) in a 
50 mL flask containing a stir bar and fitted with a 
reflux condenser. The resulting mixture was stirred 
for 16 hours at room temperature f and then the 
15 resulting upper fluorochemical phase was separated from 
the resulting low«r sulfuric acid phase* Gas-liquid 
chromatographic (GLC) analysis of the fluorochemical 
phase revealed the presence of only the starting 
perfluorocompound and no detectable amount of CaFiCOaCHs, 
20 the expected product of hydrolysis. This result 

(indicating that the perfluorocompovmd was stable in 
the presence of the acid) was surprising in view of the 
discussion by England in J.Org* Chem. 49, 4007 (1984), 
whicih states that "Ifjluorine atoms attached to carbon 
25 which also bears an alkyl ether group are Icnown to be 
labile to electrophilic reagents. They are readily 
hydrolyzed in concentrated sulfuric acid# thus 
providing a route to some esters of f luoroaclds . * 

30 Stability In the Fresenee of Oxidant 

To assess oxidative stability, potassium 
permanganate (20 g, 0,126 mole) was dissolved in 
acetone, and C^FjOCHa (500 g of 99,9* purity, 2.0 mole) 
was added to the resulting solution. The solution was 

35 refluxed for four hours, with no indication that the 
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pen&anganat had be n consumed (as evidenced by the 
absence of brown MnOa) • Tb refluxed s lutl n was then 
distilled into a 500 luL Barrett trap fill d with water. 
The lower f luor chexaical phas of the resulting mixture 
5 was separated from the upper phase, was washed with 
four 1.5 L aliquots of water / and was dried by passage 
through a column of silica gel to yield 471 g of 
resulting product. Gas chromatographic analysis of the 
product revealed no evidence of degradation of the 
10 starting per fluoro confound, indicating that the 

compound was stable in the presence of the oxidant. 

Flaah Point Testing 

The alkoxy-substituted perf luorocompounds 
15 CiFsOCHa^ C^PjOCzHj, and c-C^FnOCHs were tested for flash 
point by the standard method defined by ASTM D327a-e9, 
Each compound was determined to have no flash point* 

Sxanyples 1-7 describe the preparation of novel allcoxy-* 
20 substituted perfluorocoicpounds or the invention. 

Exaiwple 1 

Preparation of c-CfFuCFjOCtBs 

A one liter jacketed round bottom flask was 

25 equipped with a reflux condenser, an overhead stirrer, 
and an addition funnel* The flask was charged with 
anhydrous dimethyl formamlde (300 g) and diethyl 
sulfate (239 g, 1.55 mole) under a flow of dry nitrogen 
gas. The resulting stirred solution was cooled to 

30 -20^C, and spray^dried potassium fluoride (Aldrich 

Chemical, which was further dried at 120^C, 67.5 g, - 
l»16 mole) was added* A mixture of 
perfluorocyclohexane carbonyl fluoride and israiers of 
perfluoro methylcyclopentane carbonyl fluoride 

35 (approximately 80% purity, 31B g, 0.77 mole) was then 
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added to the resulting mixture ver a period of 
45 minutes. * (Hereinafter, c-^CiFu- refers to a mixture 
of the perfluorinated cyclohexyl and methyl cycldpentyl 
isomers.) The mixture was held at -20^c for two hours 
s and then allowed to come to ambient temperature while 
stirring overnight. The mixture was transferred to .a 
two liter round bottom flask and was heated to 50*C for 
one hour. One liter of water was added and the 
resulting mixture distilled. The lower fluorochemical 

10 phase of the resulting distillate was then separated 
from the upper phase and was washed once with water to 
afford 236 g of 61,9 % purity c-CcFnCFiOCjHs. The 
product was distilled to a purity of 99% (b.»128- 
134^0). The product identity was confirmed by gas 

15 chromatography/ mass spectrometry (GCMS) and by and 
^^F nuclear magnetic resonance spectroscopy (NMR) . 

ExaiM>le a 

Preparation of e-CcFuCFaOCHa 

20 A 500 mL round bottom flask was equipped with an 

overhead stirrer, a condenserr and an addition funnel, 
and was then charged with spray-dried potassium 
fluoride (Aldrich/ which was further dried at 120*0/ 
39. B g, 0,68 mole) and anhydrous dimethyl formamlde 

25 (250 g). c-C<?nCOP (150 g of 70% purity, 0*32 mole) 
was added slowly to the resulting mixture at room 
temperature. An ice bath wes then placed around the 
flask, and dimethyl sulfate (74.8 0.59 mole) was 
added dropwise. The resulting mixture was held in the 

30 ice bath for five hours# followed by warming to anibient 
testpereture with stirring overnight. Kater (100 mL) was 
then added to the mixture, and the resulting product 
was distilled. The lower fluorochemical phase of the 
resulting distillate was separated from the upper 

35 aqueous phase to yield 143 g of c-CaPiiCFaOCHa of 63% 
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purity. The products of several reactions were 
conbined and distilled (b.-llo-i20*C) . The product 
identity was confirmed by GCMS and by 'H and "F HMR. 

5 Exawple 3 

Preparstiea of 4-CP3-e-C«Fi»CP40CHj 

A one liter round bottom flask was equipped with 
an overhead stirrer, a condenser, and an addition 
funnel and was then charged with spray-dried potassium 
10 fluoride (Aldrich, which was further dried at 120'C, 
15.4 q, 0.26 Aole) , anhydrous cesium fluoride (6.5 g, 
0.043 mole), and anhydrous dimethyl formamide (250 g) . 
A mixture of perfluoro-4-methylcyclohexane carbonyl 
fluoride and perfluorodimethyl cyclopentane carbonyl 

15 fluorides (100 g of 72% purity, 0.18? mole) was then 
added to the resulting mixture, and the mixture was 
stirred at ambient temperature for four hours. 
Dimethyl sulfate (33.3 g, 0.264 mole) was then added to 
the stirred mixture, and the mixture was further 

20 stirred for 11 hours followed by addition of water 
(500 mL) . 

The mixture was worked up essentially »• 
described in Example 1 to yield 67 g of a mixture of 
several components, which was subsequently distilled to 

25 give 26.5 g of 4-cr,-c-C,PicCr20CH, (b.-ll8-137-C) of 88% 
purity. The product identity was confirmed by GCMS and 
by »H and "r NMR, which showed the product to be about 
60% of the trans-1,4 isomer and 15% of the ci8-l,4 
isomer. The product also contained several other 

30 isomers of CF,-c-C«r,6Cr20CH„ resulting from isomers of 
the perfluoromethylcyclohexane carbonyl fluoride which 
were present in the starting material. 
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Exaigple 4 
Pr«paratlon of 

CF, ;<-(CF^OCH, 

The title compound was prepared essentially as 
5 in Exan^le 3 using anhydrous potassium fluoride (27 q, 
0.46 nole) , anhydrous dimethyl fornamide (250 g) / 
perfluoro-3- piperidinopropionyl fluoride (322 g o£ 
40.4% purity, 0,32 molel, and dinethyl sulfate (52 q, 
0.41 aola) . 275 g of a product adxture of 38% purity 
10 was obtained, which was fractionally distilled to give 
a main fraction of the desired confound (b.-l37-l39'C, 
91% purity) . The product identity was confirmed by 
infrared spectroscopy (IR), GCMS, and 'H and NMR. 

15 Exampl* 5 

Pm^uation of 

CFpF, 

The title compound was prepared «saentially as 
in Exan^le 3 using anhydrous potassium fluoride (42 q, 

20 0.72 mole), anhydrous dimethyl formamide (300 g), 

perfluoro-2-pip«ridlnoBcetyl fluoride (354 g of 47.2% 
purity, 0.46 mole), and diethyl sulfate (94 g, 
0.61 mole). 349 g of a product mixture of 39% purity 
was obtained, which was fractionally distilled to give 

25 a main fraction of the desired compound (b."13S-137'C) . 
The product identity was confirmed by IR, GCaC, and *H 
and "r NMR, 
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Exampl _ € 
Propazmtlon f 

The title compound was prepared essentially as 
5 in Exaiiq;>le 3 using anhydrous potassium fluoride 
• (17.7 0.30 mole), anhydrous difcethyl fonnamide 
(300 g), perfluoro-3-inorpholi»opropionyl fluoride 
(890 g of 8.6% purity, 0.2 mole) # and dimethyl sulfate 
(37 g, 0.29 mole), 88 g of a product mixture of 57% 
10 purity was obtained, which was fractionally distilled 
to give a main fraction of the desired compound 
{b.p.«129'C, 90% purity) . The product identity was 
confirmed by IR, GCMS, and 'h and "r MMR. 

IS EXMHPla 7 

Pr^aration of CH>OCFt-c-C«F»oCP«OCH» 

The title compound was prepared essentially as 
in Exasple 3 using anhydrous potassium fluoride 
(6.62 g, 0.011 mole), anhydrous dimethyl formamide 

20 (200 g) , FCO-c-CFipCOF (253 g of approximately 26% 
purity, 0.185 mole; the remainder of the material 
comprised a mixture of mono- functional, non-functional, 
and isomeric compounds), and dimethyl sulfate (14.4 g, 
0.011 mole) . 21 g of solid CH90CPa-c-C«F,oCF20CHj was 

29 obtained (product identity confirmed by IR and *H and 
»»F NMR) . 




maoeoQi^ maim* 



Exanpl s 8*26 dascrib th« U9« of alkosQr^stltuted 
perfluoroconqpounds in vari tt8 diffttrMit el^mniag 
applications according to the el aning procoaa of tha 
invantion. 

s 

A nuniber of different alkoxy^substituted 
parfluorocompounds were prepared for use in cleaning^ 
as described below: 

10 Preparation of C4F9OC2HS 

A 20 gallon Hastalloy C reactor, equipped with a 
stirrer and a cooling system^ was charged with spray** 
dried potassium fluoride (7.0 kg, 120*3 mole) . The 
reactor was sealed^ and the pressure inside the reactor 

15 was reduced to less than 100 'torr. Anhydrous dimethyl 
formamlde (22.5 kg) was then added to the reactor » and 
the reactor was cooled to below 0*C with constant 
agitation. Heptafluorobutyryl fluoride (22.5 kg of 58% 
p\xrlty# 60.6 mole) was added to the reactor contents. 

20 Nhen the temperature of the reactor reached -20*C# 

diethyl sulfate (IB. 6 kg^ 120.8 mole) was added to the 
reactor over a period of approximately two hours. The 
resulting mixture was then held for 16 hours with 
continued agitation, was raised to 50 for an 

25 additional four hours to facilitate conqplete reaction, 
and was cooled to 20*C. Then^ volatile material' 
(primarily perfluorooxacyclopentane present in the 
starting heptafluorobutyryl fluoride) was vented from 
the reactor over a three-hour period. The reactor was 

30 then rosealed, and water (6.0 kg) was added slowly to 
the reactor. After the exothermic reaction of the 
water with unreacted perf luorobutyryl fluoride 
subsided, the reactor was cooled to 25^C, and the 
reactor contents were stirred for 30 minutes* The 
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react ^ r pressur was carefully vented/ and the 1 wer 
organic phase of the resulting pr duct was removed to 
afford 17.3 kg of material which was 73% 
(b.p.-75*C), The product identity was confiraed by 
5 GCMS and by and ^'F NMR« 

Preparation of C4F9OCH3 

The reaction was carried out in the sane 

equipment and in a similar manner to the procedure of 
10 Example 7 above , but using the following materials: 

spray-dried potassium fluoride (€ kg, 103,1 mole), 

anhydrous dimethyl formamide (25.1 kg), 

perfluorobutyryl fluoride (58% purity, 25.1 kg# 

67.3 mole), and dimethyl sulfate (12.0 kg, 95.1 mole). 
15 22.6 kg of product was obtained, which was 63.2% 

C4F9OCH3 (b. =58-60*0 . The product identity was 

confirmed by GCMS and by and ^*F NMR. 

Preparation of c-CfFnOCKs 
20 A 500 ml, 3-necked round bottom flask equipped 

with an overhead stirrer, an addition fuxmelr and a 
condenser was charged with anhydrous cesium fluoride 
(27.4 g, 0.18 mole), anhydrous diethylene glycol 
dimethyl ether (258 g, hereinafter diglyme) , and 
25 dimethyl sulfate (22.7 g, 0.18 mole). 

Perfluorocyclohexanone (50g, 0.18 mole) was then added 
dropwise to the resulting stirred mixture^ and stirring 
was continued for 18 hours after the addition. Water 
(approximately 200 ml) was added to the resulting 
30 mixture, and the lower f luorochemical phase of the 

mixture was separated from the upper phase and washed 
once with saturated aqueous sodium chloride solution. 
Since the fluorochemical phase still contained about 
12% diglyme, water was added to it, and the resulting 
35 product was azeotropically distilled to yield 32.8 g of 
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c-C<FnOC99. (b.p. 8100^0, which was frea of diglymt. 
The product identity was confirmed by XR, GCMS/ and 
and MMR. 



5 Preparatipn of (CF^) sCPCF^OCHa 

The title compound was prepared essentially as 
in Exasqple 1 using anhydrous potassium fluoride 
(31.9 q, 0.55 mole)/ anhydrous dimethyl formamlde 
(186 g)^ perfluoroisobutryl fluoride (108 g of 99% 

10 purity^ 0.5 mole), and dimethyl sulfate (81.9 g, 

0.65 mole). The resulting mixture was held at j*20^C for 
16 hours, was warmed to 40^C for 3«5 hours, and was then 
distilled to yield 109 g of the title compound (63.6% 
purity by GLC; also containing 11,6% (CFa)2CFC0F) . The 

15 reaction mixtures from several runs were coznbined and 
distilled {b.-60-61*C) • • • 

Preparation of (CFa)2CFCFaOC2H9 

The title compound was prepared essentially as 
20 in Example 1 using anhydrous potassium fluoride 

(31.9 g, 0.55 mole), anhydrous dimethyl formamide . 

(184 g), perfluoroisobutryl fluoride (112.3 g of 77% 

purityi 0.4 mole), and diethyl sulfate (100. I g, 

0.65 mole),. The resulting mixture was worlced up 
25 essentially as in Exaiqple 3 to yield 80 g of the title 

compound* The product identity was confirmed by IR« 

GCMS, and and ^*F MMR. 

Preparation of CcFnOCBa 

30 The title compound was prepared essentially as 

in Exa&ple 3 using anhydrous potassium fluoride 
(6.62 g, 0*011 mole), anhydrous dimethyl formamide 
(600 g), ^FasCOF (456,7 g, 1.09 mole), and dimethyl 
sulfate (14.4 g, 0.011 mole). The resulting mixture 

35 was wor}ced up essentially as in Example 3 to give 444 g 

•35- 
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of the title conp und (99.7% purity^ b.»=l42-l44*C) . 
Th« product identity was confirmed by IR, GCMS^ and *R 
and KMR. 

5 Preparation of C2F»CF(OCH9)CF(CFs)8 

The title compound was prepared essentially 
as In Example 3 using anhydrous potassium fluoride 
(7,2 0.123 mol) # anhydrous diethylene glycol 
dimethyl ether (diglyme, 60 g), 

10 methyltrlalkyl (Cg.Cio) ammonium chloride (Adogen** 464, 
available from Aldrich Chemical Company, 1«8 g), 
C2F»COCF(CFi)2 (30 g, 0.095 mol, prepared by the reaction 
of pentaf luoropropionyl fluoride with KF and 
hexaf luoropropene) I and dimethyl sulfate (15.5 g, 

15 0.123 mol) . The reaction mixture was stirred at room 
temperature for 72 hours « Approximately 100 mL of 10% 
aqueous potassium hydroxide was then added to the 
reaction mixture^ and the resulting product was 
azeotropically distilled froza the mixture. The lower 

20 phase of the resulting distillate was separated from 
the upper phase, was washed with water, and was 
distilled to give 26.7 g of product ether (boiling 
range 90-^92%; >99% purity by gas-liquid chromatography 
(GLC) ) • The product identity was confirmed by GCMS and 

25 and ^*F MMR« 

Preparation of C3F1OCH3 

A jacketed one liter round bottom flask was 
equipped with an overhead stirrer, a solid carbon 

30 dioxide/acetone condenser, and an addition funnel. The 
flask was charged with spray-dried potassium fluoride 
(85 g, 1.46 mol) and anhydrous diethylene glycol 
dimethyl ether (375 g) and was then cooled to about 
-20'^C using a recirculating refrigeration system. 

35 C2F5COF (196 g, 1,18 mol) was added to the flask over a 
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period of about n« hour. Th flask was then warned to 
about and dim thyl sulfate (184.3 g, 1.46 mol) was 

than added dropwise via the addition funnel ver a 
45 minute period. Th resulting mixture was then 
5 stirred at room tes^erature overnight < Water (a total 
of 318 aL) was then added dropwise to the adxture. The 
mixture was transferred to a one liter round bottom 
flask/ and the resulting product ether was 
azeotropically distilled. The lower product phase of 
10 the resulting distillate was separated from the upper 
aqueous phase* was washed once with cold water, and was 
subsequently distilled to give 180 g of product (b.p. 
36^; >99.9% purity by 6LC) . The product identity was 
confirmed by GCMS and by and ^'F NMk. 

18 

Preparation of CF»CF(0CH>)CF(CFa)2 

The title compound was prepared essentially 
as in Example 3 using anhydrous potassium fluoride 
{12.8 q, 0.22 mol), anhydrous diethylene glycol 
20 dimethyl ethar (diglyme, 106 g)« 

methyltrialkyl{C«.Cio) ammonium chloride (Adogen" 464, 
available from Aldrich Chemical Company, 4 g) , 
CFsC0cr(CFs)8 (53.2 g, 0,20 mol, prepared essentially by 
the procedure of Smith et al., J. Am. Chtti. Soc, B4, 
25 4285 (1962)), and dimethyl sulfate (33.9 g, 0.72 mol). 
Aqueous potassium hydroxide was added to the reaction 
mixture (approximately 25 g of 50% solution) , followed 
by water (200 mL) . The resulting crude product was 
azeotropically distilled from the reaction mixture. 
30 The lower phase of the resulting distillate was 
, separated frt«a the upper phase, was washed with water, 

' was dried over anhydrous sodium sulfate, and was 

distilled (b.p. 82-B3"C; yield of 45 g) . The product 
identity was confirmed by GCMS and by FTZR. 

35 

i 
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Pr paration of CsFwOCHs 

The title coxnpound was prepared eesentially 
as in Exan^le 3 using ,8Txhy<irous potassium fluoride 
(32 g, 0.55 nol), anhydr us dietbylene glyc 1 dimethyl 
5 ether (diglyme, 375 g), methyltrialkyl (C.-C,o) ammonium 
chloride <Adogen« 464, available from Aldridh Ch«alcal 
company, 12.5 g), C.F,COP (218 g of 60.7% purity, 0.5 
inol), and dimethyl sulfate (69.3 g/ 0.56 mol) . The 
reaction mixture was stirred at room temperature 
10 overnight. Approximately 100 mL of 10% aqueous 

potassium hydroxide was then added to the mixture, and 
the resulting product was azeotropically distilled from 
the mixture. The lower phase of the resulting 
distillate was separated from the upper phase, was 
IS washed with water, was treated with aqueous potassium 
hydroxide solution (53 g of 50%) , and was then refluxed 
for one. hour. A second azeotropic distillation and 
water washing yielded crude product which was further 
purified by distillation through a ten-plate perforated 
20 column to provide the product ether (boiling range 82- 
84'C; 96.2% purity by GLC) . The product identity was 
confirmed by GCMS and by 'H and "F NMR. 



Preparation of CsFnOCzRa 
25 The title compound was prepared essentially 

as in Example 3 using anhydrous potassium fluoride 
(38.6 g, 0.67 mol), anhydrous diethylene glycol 
dimethyl ether (diglyme, 500 g) , 

methyl triallcyl (Cb-Cio) anuaonium chloride (Adogen* 464,. 

30 available f rom Aldrich Chemical Company, 10.5 g), 

C4F.COF (260 g of 60.7% purity, 0.59 mol), and diethyl 
sulfate (102.4 g, 0.67 mol) . The reaction mixture was 
stirred at room temperature overnight, and then the 
resulting product was azeotropically distilled from the 

35 reaction mixture. The lower product phase of the 
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resulting distillate was separated from the upp«r phase 
and was treat d with approximat ly 50 g of 50% aqueous 
potassium hydroxide # was refluxed f r f ur hours^ and 
was stirred at room temperature vernight. A s cond 

5 azeotropic distillation and water washing gave crude 
product which was further purified by distillation 
through a ten*plate perforated column to provide the 
product ether (boiling point 96*C; 99*6% purity by GLC) . 
The product identity was confirmed by GCMS and by and 

10 "F NMR. 

Solvency Properties 

A number of potential solvents were tested for 
their ability to dissolve hydrocarbons of increasing 

15 molecular weight according to the procedure described 
in U.S. Patent No. 5,275,669 (Van Der Puy et al.)- The 
data shown in Table 1 were obtained by determining the 
largest normal hydrocarbon alJcane which was soluble in 
a particular solvent at a level of 50 percent by 

20 volume. The nuinbers in the Table correspond with the 
carbon nusiber of the largest alkane, e*g.f "B" refers 
to octane. Measurements were made from room 
texiqf>erature up to the boiling point of the solvent. 
For co&parative purposes, hydrof luorocarbons (HFCs) and 

25 perfluorocarbons (?FCs) were also tested using this 
method. 
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The data in Tabla I show that hydrocarbon 
alleanes are significantly nore soluhle in th alkoxy- 
substitutad p rlluoroconpounds used in the cleaning 
process of this invention than in the comparative 
5 compounds, the HFCs and PPCa. This improved solvency 
was more pronounced at elevated temperatures. Thus, 
the cleaning process of the invention can be used to 
remove higher noleculat weight hydrocarbons (e.g., oils 
and greases) from substrate surfaces than can be 
10 removed using HFCs or PFCs. The higher solvency of the 
alkoxy-substituted perfluorocompounds for hydrocarbon 
alkanes indicates that these perfluorocompounds can 
serve not only as superior cleaning solvents for 
removing hydrocarbon soils, but can also be effective 
15 as solvents for depositing hydrocarbon coatings, e.g., 
coatings of lubricant, onto substrate surfaces. 

Using essentially the above-described method, 
the solvency properties of other alkoxy-substituted 
perfluorocompounds were tested at room temperature. 
20 The confounds tested and the results obtained are shown 
in Table 2 below. 
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Tabl 2 



Compound 


Largest Soluble | 




1 


(TS-CFiOCaHi 


11 1 


CaF« •iOCM% 


6 1 




9 1 


C*FcCF ( OCHvl CF (CF«) * 


8 1 


CFsCF(OCHj)CF(Cr»)i 


9 1 


CsFiOCKa 


10 1 

1 


CsFi,OCH$ 


8 J 


CsFuOCiHs 


10 ~j 




^ 1 


^7\(pFj>|OCH, 


^ T 1 

# 1 




9 1 




e 1 


«s 8-10 and Comparative Exarople* A-C 



In the following Examples and CoB«>aratlve 
Exaa^leS/ the cleaning ability of the alkoxy- 
substituted perfluorocompounds used in the cleaning 
process of the invention was further evaluated. A 
1.28 cax 1.28 cmx 0.225 cm wire-wrapped, aluminum 
coupon was coated with white heavy mineral oil 
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(availabl ' froa Aldrlbh Chemical) by inmarsing the 
coupon in an oil-*fllled beaker* The initial amount f 
the oil on th coupon waa determined by weighing it on 
an analytical balance to the nearest 0.1 ag. The 

5 coupon was ixianersed in a container o£ solvent and 
sonicated for 1 minute at the indicated tesperature 
(see Table 3 below for the solvents and teji:¥>eratures 
used) • The coupon was then weighed again, and the 
results were recorded in Table 3 as percent oil 

10 removal. 
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The data in Table 3 show th t the alkoxy- 
substituted perflu r conp uxmIs reaov d amounts t the 
mineral oil which were comparabl to th amounts 
removed by the comparative PFC and HFC compoTwds at 
5 room temperature. At elevated temperature/ the 
cleaning properties of the perfluoroconpounds were 
superior to those of the PFC and HFC compoionds and 
equivalent to those of the comparative CFC compoun<i. 

10 Examples 11^13 

Using essentially the same procedure as that 
described in Exaixqples 8^10, the ability of the alkoxy* 
substituted perfluorocompounds to remove a flucrinated 
oil was evaluated. As in the previous Exanplesi a 

15 coupon was immersed in Krytox^ 157FSM 

perfluoropolyether oil having carboxylic acid end 
groups (available from DuPont), and the percent oil 
remaining after immersion in the solvent (at room 
temperature) was determined. The results are shown in 

20 Table 4 below. 



Table 4 



Example 


11 


12 


13 


Compound 


C^F^OCHj 


c,r,0C2H» 


c-CernOCHj 


% Removed 


99.1 


99.3 


96.5 



25 The data show that the alkoxy-substltuted 

perf luorocompounds very effectively removed the 
perfluoropolyether oil from the surface of the coupon. 
This indicates that the perfluoroconpounds can function 
well as cleaning solvents for the removal of 

30 halogenated compounds such as halogenated oils and 
greases. 
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ExaiBPl 14 ■'IS mud Ceitiparativtt Exampleg P-E 

Th« ability of alkoxy- subs ti tut d p rfXuoroconpounds 
t function as a rinse agent in a c -s Ivent cl aning 
process was evaluated. The above-described aluminum 
5 coupon was coated with solder flux (available from 

Alpha Metals as Alpha 611 rosin, mildly activated flux) 
by immersing the coupon into a flux-filled beaker. The 
flux-coated coupon was then dried using a forced air 
convection drier. The initial amount of the flux on 
10 the coupon was determined by weighing it on an 

analytical balance to the nearest 0.1 mg. The coupon 
was immersed in a container of a mixed solvating agent 
comprising approximately 50% methyl decanoate and 50% 
dipropylene glycol di-n-butyl ether and was sonicated 
15 for 1 minute at approximately 55 'C. The coupon was 
then immersed for 30 seconds into alkoxy-substituted 
perf luorocompound which had been heated to its boiling 
point « The coupon was weighed again, and the results 
were recorded in Table 5 below as percent oil removed 
20 from the coi^on. 



Table 5 



£xan|>ltt 


14 


lb 


16 


Comparmtivtt 
D 


Conparativa 
E 


Compound 


CiFfOCHj 


C4F»OC2H5 


c-CcFiiOCHa 






Hemowd 


100.0 


160.0 


100.6 


5i.^ 


^1.2 



25 The data in Table 5 show that the alkoxy- 

substituted perfluorocompounds (used according to the 
cleaning process of the invention) effectively removed 
the solvating agent and flux residues, showing solvency 
properties superior to those of the comparative PFC and 

30 RFC compounds. 
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giHun plM 17-18 and Cempmratl v Exmbd1« F 

The aboT -described aluminum coup n was dipped 
into Brayco 8152 perfluoropolyetber oil (available from 
5 Castrol Inc., molecular weight of about 10,000) and 
then immersed in alJcoxy-substituted parfluorocoa^iound 
vapor (over the boiling liquid) for 60 seconds. The 
percent oil removal was determined in the above- 
described manner. The results are shown in Table 6. 





Table 


6 






17 


18 


Comparative F 


Compound 


C4F»0CHi 


" C.F.OC^Hs 


C.F,4 


Percent Soil 


89.9% 


93.3% 


92.9% 



Exawplea 19*20 and Coroparmtiv ^ Example S 
15 Th« above-described test coupon was dipped into 

a paraffinic oil coxtiprisihg a mixture of linear and 
branched hydrocarbons (EnioSeal Pump Oil, available from 
Sargent Welch) # was immersed in mixed solvating agent 
comprising approximately 50% methyl caproate and 50% 
20 dipropylene' glycol di-n-butyl ether for 30 seconds, and 
was then rinsed in boiling alkoxy-substituted 
perfluorocompound for 30 seconds. The percent oil 
removal was determined in the above-described manner. 
The results are shown in Table 7. 





Table 


7 






19 


20 


Comparative 6 


Compound 


C4F9OCH3 


C4F90C2Hi 


C<F,. 


Percent Soil 


99.8% 


100.0% 


■ 89,2% 
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5 



10 



The above-described test coupon was dipped in 
white h avy mineral oil (available from Aldrich 
Chemical), was imarsed in a boiling ^^^^^^^P*^*" . 
mixture of 40 volume % of a solvating agent comprising 
essentially methyl decanoate and 60 volume % of alkoxy- 
substituted perfluorocompound (a cleaning composition 
of the invention) for 60 seconds, was cooled for 60 
seconds, and was then immersed in mixture vapor for 30 
seconds. The percent oil removal was determined in the 
above-described manner. The results are shovm in 
Table 8. 



15 



20 



25 




Fluortnated Component 
of Cleaning 
Composition 



C<F90CH3 
94.61% 



r..atn plo« 2? '9d and Coiri-«^«^i^ EaeaiBple H 

The above-described test coupon was dipped into 
Duoseal Vxjmp Oil (available from Sargent-Welch) , was 
immersed in a boiling mixture of 40 volume % of a 
solvating agent coi.«>rising mixed terpenes having a 
boiling range of 243-274-C and 60 volume % of alkoxy- 
substituted perfluorocompound (a cleaning composxtlon 
of the invention) , was cooled for 60 seconds, and was 
then immersed in mixture vapor for 30 seconds. The 
percent oil removal was determined in the above- 
described manner. The results are shown in Table 9. 
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Table 9 



Fluorinat d 
Cos^onent of 

Cleaning 
Composition 


23 

~ C4F.0CH> 


Z4 I 

"C»F#OC»Hi 


C«Fi« 


Percent Soil 


86«4% 


99.41 





10 



Baearolee 28»26 and ComDaraUv^ EaeMmle I 

The above-described teat coupon was dipped into 

« 

DuoSeal Pump Oil (available from Sargent-Welch) and was 
then inmarsed in a mixture of 40 volume % n-C*H» and 60 
volume % alkoxy-substituted perf luorocoapound (a 
cleaning composition of the invention) for 60 seconds 
at room ten^serature with ultrasonic agitation. The 
percent oil removal was determined in the above- 
described manner. The results are shown in Table 10. 



Table 10 



Fluorinated 
Component of 

Cleaning 
Composition 


25 
C4F»0CH» 


26 
CtFtOCsHs 


Comparative I 
C«Fi4 


Percent Soil 


92. 


99.0% ~^ 


68. 5« 



15 

Examples 27-29 and coinpar »tlve Example J 

The above-described test coupon was dipped into 
DuoSeal Pump Oil (available from Sargent-Welch) and was 

20 then immersed in the vapor of a boiling mixture of 

40 volume % n-C«HM and 60 volume % alkoxy-substituted 
perfluorocompound (a cleaning composition of the 
invention) for 60 seconds. The percent oil removal was 
determined in the above-described manner. The results 

25 are shown in Table 11. 
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The results obtained in Examples 17-28 show that 
alkoxy-substituted pcrf luorocoii«>ound5 are effective at 
removing a variety of contaminants from substrate 
surfaces . 

Exan?pl«« 29-38 daserib© the preparation of coating 
eempositioaa of the invention and the evaluation of 
alkoxy-eiSbstituted perflttoroc«Bpounds for use recording 
to the poatino proeeas of the invention. 



IS 



20 



25 



Eacaraples 29-31 

The ability of alkoxy-substituted 
perfluorocowpounde to dissolve several halogenated oils 
was determined by adding a measured amount of oil to 
alkoxy-substituted perlluorocompound until the 
resulting mixture became turbid or phase-split. 
Mlscibility was defined as greater than or equal to 50 
percent by volume solubility at room temperature. The 
results (shown in Table 12) indicate that alkoxy- 
substituted perfluorocompounds have very high ability 
to dissolve halogenated oils. Thus, the 
perfluorocompounds can be used as carrier solvents for 
halogenated oils in the deposition of coatings of sudh 
oils on substrate surfaces. 
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Table 12 




Brayco 815Z 
Fcxfluoropoly«th 
er (KR about 
10.000) 



Misclblv 



Tdlsclbla 



liiaclbie 



Foniblin*" AM-2001 
runcrionalized 
Perfluoropoly«th 
«r (available 
from Ausimont 
Inc.) 



Mlscibie 



Hiscible 



Miscibla 



Chlorotrifluoroe 
thylena 

Fluid (available 
£cOA Inland as 
Inland 41 vacuum 
Fuwp Oil) 



Misclbla 



Miacibla 



Misclbla 



Exaipplaa 32-38 and Comp arative E?ganiDlea K-I» 
5 To demonstrate the use of alkoxy-substituted 

perfluorocowpounds as dispersing agents, a series of 
polytetrafluoroethylene (PTEE) dispersions were 
prepared and evaluated • Commercially/ PTEE is 
available from DuPout as Teflon^ powder or as Vydax** 
10 dispersions in either water or isopropanol (IPA) (20-30 
weight %)• To prepare useful coatings# these 
concentrated dispersions must be further diluted with a 
co-dispersant to 1-10 weight %, more frequently 1-3 
weight %- Although the commercial PTES dispersions may 
15 be further diluted with either water or isopropanol, 

these fluids are often not preferred due to performance 
and/or safety reasons. 

In the following Examples 32-38, the 
commercially-available, concentrated dispersions were 
20 diluted at room temperature with allcoxy-substituted 
perfluorocompound or with a comparative compound 
(perf luoro-»-methyl mbrpholine) to produce a dilute 



•SI- 



^i^^^Tr%t IVWII Jk^WX fmMm «. 



W M/12396 



rcTn)S9«oou« 



dlspersiea of approximat ly 1.5 weight %. Th 
resulting dispersions were then evaluat d as t 
homogeneity and assigned one of the ratings shovtn in 
Table 13 below, A description of the disparsi ns 
prepared and the results obtained are shovm in 
Table 14. 



Table 13 
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Rating 


Rating Description 


Poor 


Agglomerated PTFE — not useful. 


Fair 


Some agglomeration; extensive grainy or waxy 
coating on the surface of glass vial* 


Good 


Homogeneous dispersion? some grainy coating 
on glass vial. 


Very 
Good 


Homogeneous dispersion; little to no grainy 
coating on glass vial. 



Exisnple Np. 


Product 


Diapersant 


Final 
Disperaiea 
Weight % 


Hating 


32 


Vydax'" 
AR/IPA 


C4F«0CH» 


1.49 


Very Good 


hi 


vydax"^ 
HI>/Z»A 




1.5Z 




34 


TallOB*" 
K?1100/ZFA 




l.^» 


Very Good 


35 


Teflon'" 
MPllOO/IM 




1.52 


Very Good 


36 


vydax^ 


C4F9OCU3 




Fair to 
Good 


37 


vydax^ 


C4F»0CHiCHj 


0,$1 


Fair to 
Good 


38 


Vydax^ 
ARW/Warej: 


CiFtOCHjCHa 


1-49 


Fair to 
Good 


Conpararive 
K 


Vydax« 


Pexlluoxo-N* 

methyl 
morpholine 


1.50 


Poor 


L 


vydax™ 
ARH/W«ter 


Perfluoxo-N- 

methyl 
morpholino 


X.30 


Poor 



15 



The data show that alkoxy-substituted 
perf luorocompounds can be used to prepare homogeneous 
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<ji5pfer8ioas of POT, .Whereas the co«parativ PFC 
compound cannot. Thus, th p«f lu rocoMpound» can be 
used as carri r solv nts for PTIB in the d position of 
. coatings of PTHJ on substrate surfac s. 

' Exainple. 3»-44 describ. the use of alkoxy-ubstitut^l 
parfluorocoo^. in water removal (drying) according 
to the cleaning proceee of the invention, 

1,0 Eacaniplee 39-44 

A series of weter displacement compositions was 
prepared and evaluated. The co«positions comprised 
alkoxy-substituted perf luorocompound and either a 
surface active agent (C,F,OC,P.OCr,CONHCaH,OH, described 
in U.S. Patent Nos, 5,125,97B and 5,089,152 (flyx« et 
al.J) or a co-solvent. The compositions (and the 
results obtained) are shown in Table 15 below. 

The following procedure was utllixed: an 
11.7 mm O.D. by 32 mm glass vial was wetted with 
10 deioniaed water. The wetted vial was placed in a 
vessel containing a water displacement composition 
vihich had been heated to its boiling point, A 
saturated rone of alkoxy-substinuted perf luorocompound 
(and cosolvent, if any) vapor was maintained above the 
25 boiling composition. The vial was agitated by 

ultrasound for 1 minute while dislodging and displacing 
any adhering water. The vial was then removed from the 
boiling composition and held in the saturated vapor 
zone for 30-60 seconds to allow drainage of excess 
water displacement composition back Into the vessel and 
thereby minimize fluid carryout. The vial was then 
visually inspected for the presence of residual water. 
The results are shown in Table 15 below, where a 



15 



30 
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indicat s that 75* f the water was r«ovad U » the 
Vial in 60 seconds. 



MO. 



PerflvoroeonpouAd 



Table 15 



(5 VelUM %) 



Ccacentratlon 

of SUXfftCO 

Aet:iv« Agont 
0.2 



V»Mr 




10 



The results in Table 15 show that alkoxy- 
substituted perf luorocQWOunds are effective in 
removing water from substrate surfaces- 

various modifications and alterations of this 
invention «iU b.=.» .pparent to tho.o .UU.d in t^. 
art without departing from the scope and spxrit of thxs 
invention. 
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ti claim: 
1. 



A process f r removing contaminants from the 
surface of a substrate co»prising the step of 
5 contacting a substrate with a liquid- and/or 

vapor-phase cleaning composition comprising at least 
one nono-, di-, or trialkoxy-substituted 
perfluoroalkane, perfluorocyeloalkane, 
perfluorocyelcalkyl-containlng perfluoroalkane, or 
10 psrfluorocycloalkylene-containing perfluoroallcane 

compound, said compound optionally containing one or 
nore additional catenary hetcroatoms. 

2. A process for removing contaminants from the 
15 surface of a substrate comprising the step of 
contacting a. substrate with a liquid- and/or 
vapor-phase cleaning coi.4)osition comprising at least 
oue compound selected from the grow consisting of 
C-C.r«CF,OC,H., c-C,F,»CFaOCB„ 4.CF,-C-C.F,5CPaOCH3, 



20 



25 



CF, ;<-(cF^,ocH, 

CF, ^-(CF^aOCaH, 
CPJJF, 

CF/:F, , cH30CF2-c-C«FjoCF,OCHj, C,F,OC2H5r 

C.F^„ C-C.F„OCH„ (CF,),CFCPaOCH,, (CF,) .CFCF,OCA, 
CF„OCH., C.F.CF(OCH,)CF(CF,)„ CF,CF(OCH.)CF(CF,)a, 
CsFuOCH,, C»F„OCaHs, and C»F,OCH,. 



-55- 



«jor »<»»t of .t l...t on. di-, or ttla 

pTtlwrocyelolkyl-contalnin, p.rn»or«llc«> , or 

of at l...t o»a =.-aolv.nt s.l.ct«l «- 
^ consiatin, of alcohols, .thara, altonaa, .1)=«-.. 
10 p.rtluo«cart»n., parfluorlnatad tartiary 

patfluoroet*.", cyeloalkanaa, ..tar., mono., 
atoMtica, ailoxanaa, hydroohlorocarbona, 
hydtochloroflootocarbons, and hydrofluoroearbona. 

„ 4. X claanlin cowoaltlo" eonpristng (a) a 

«lor a»o»nt of at laaat o« co.*o»d ..l.ct«l fro. th. 

aroup consisting o£ 

UnCFaOCalU, cCFnCF^OCB., 4-Cr..c-C.r,oCF,OCH. 
20 CPpF, 

^fffi^ OCH 
%FpF ^^^"^^ CH,OCP,-c-C,r,oCF,OCH,, C4F90C,Hs, 

C,F.Oci, C-C.F„OCH„ (CF3),CFCr,0CH„ (CF.) ,CFCF,OC,Bs, 

25 CsF^,OCH„ CsFuOCH., and C,F,OCH„ and (b) a m 

Of at l«ast one co-solvent selected from the group 
consisting of alcohols, .thers, alleges, alkies, 
perfluorocarbons, perfluorinated tertiary amines, 
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peif luorctbers, cydoalkanw, esters, k ton«», 
aromatlcs, siloxanes. bydrochlorocarbons, 
hydrochl roflu rocarbons, and hydrofluorocarbone. 

- S. A process for depositing a coating on a 

substrate surface comprising the step of applying to at 
least a portion of at least one surface of a substrate 
a coating of a liquid coating coi.5.osition comprising 
la) a solvent co«5,osition comprising at least one 

10 «ono-, di-, or trialko^y-s^stituted perf luoroalkane, 
perfluorocydoalkana, perfluorocydoalkyl-containing 
perfluoroaDcane, or perf luorocydoalkylene-contain^ng 
perf luoroalkane compound, said coa«»ound optionally 
containing one or more additional catenary heteroat««s; 

15 and (b) at least one coating material which is sol^le 
or dispersible in said solvent coi«position. 

«. A process for depositing a coating on a 
substrate surface comprising the step of applying to at 
20 least a portion of at least one surface of a substrate 
a coating of a liquid coating composition conqprlsmg 
(a) a solvent composition comprising at least one 
compound selected from the group consisting of 
C-C.rx,cr,OC,H», C-Cr„CFaOCH„ 4-CF,-C-C.F»oCF,OCH„ 



2S 



CP, X-(CFp,OC,H, 
CFpF, 



Q >|-(CFJ,OCH, 

-CF/5F , CHsOCFj-c-CFioCFjOCH,, C4F90CaH6i 
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crocH., e-c.r„0CH., (CF.) .crcF.ocH., (cr.)^FCF,ocA, 

t^r^tr^"^- ' ^^^^^^^^^ 

5 said solvent composition. 

7 A coating composition coHiprising (a) 
la) a solvent composition comprising at Last one 

di-. or triallcoxy-substituted perfluoroalJcane, 
.0 7::flJro yclo.l..^. permorocycloalKyl-containi^^^^ 
" Te. luoroa?[.ane, or perfluorocycloallcylene-conta^^^^^^ 
perfluoroaUane compound, said co««,ound 
'containing one or more additional ca-aryj^e^/ 
and (b) at least one coating materxal which is soluble 
IS or dispersible in said solvent composition, 

e A coating composition comprising (a) 
(a) a solvent composition comprising at least one 
compound selected from the group 
20 c^C«F»CFaOC,Hs, c-C.F„CF.OCH. 4-CF3-c-C.F,oCF^., 

Cf, ;<-(CFp,OCH, 
CFJSF, 

%FXf"^°^^*^^"\ CH,OCFa-c-C.F,oCF,OCH„ C.F,OC,H», 

cJU, C,F.CF(0CH3)CFCCF,). CF,CF COC.. CF^^^^^^^^^^ 
CsFx.0Cfl3, C.F»OCA, and C,F,OCK,; and (b) at least 
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.c ating material wUlch is aolDbl or di.perslbl0 in 
said solvent conposition. 

9. Alkoxy-substituted perfluorocoapounda 
5 represented by the general fonaula • 

vherein R,' and R,« are both substituted or unsubstituted 
perfluoroaim groups having from 1 to about 6 carbon 
atoms or are both substituted or unsubstituted 
perfluoroalkylene groups having from 2 to about 4 
carbon atoms, said perfluoroalkylene groups being 
bonded to one another to form a ring; y is an integer 
of 1 to about 8; C,Fi, is linear or branched; and Rh is 
selected from the group consisting of linear or 
branched alkyl groups having from 1 to about 8 carbon 
atons, cycloalkyl-containing alkyl groups having from 4 
to about 8 carbon atoms, and cycloalkyl groups having 
from 3 to about 8 carbon atoms; wherein the groups R< , 
R,S and R* can independently contain one or more 
catenary heteroatoms. 

10. Alkoxy-substituted perfluorocompounds 
25 represented by the general formula 

Rf*(CPaORh)«« / 

wherein Rf' is a substituted or unsubstituted 
perfluorocydoalkyl, perfluorocycloalkanediyl, or 
perf luorocycloalkanetriyl group having from 3 to about 
12 carbon atoms; each R. is independently selected from 
the group consisting of linear or branched alkyl groups 
having from 1 to about 8 carbon atoms, cycloalkyl- 



15 



20 



30 
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containiM .ml «"»p. havln, «r« 4 t 
ato«, »d cycX..ml ,ra«P« h.,in, «r«. 3 t • 
e.rb n «o«, ««1 x- 1. « int.9.r of I to 3; «h« l» 
,tth.r « both of th. .roup. ^' .«<> ». "» ««'"^» 
or more catenary heteroatoM . 
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